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By letter dated December 12, 2003 (Reference 1), E. J. Ferland of Louisiana Energy Services
(LES), L. P., submitted to the NRC applications for the licenses necessary to authorize
construction and operation of a gas centrifuge uranium enrichment facility. Revision 1 to these
applications was submitted to the NRC by letter dated February 27, 2004 (Reference 2). By
letter dated April 29, 2004 (Reference 3), the NRC requested additional information and
clarifications regarding the Environmental Report be provided.

The Reference 3 letter includes Request for Additional Information (RAI) 4-8B, RAI 4-8C, and
RAI 4-8D concerning waste management impacts. In these RAls, the NRC requested that
effluent release data for the Urenco Capenhurst and Almelo facilities be provided. In the
Reference 4 letter, LES indicated that Urenco was assembling the data to respond to RAI 4-8B,
RAI 4-8C, and RAI 4-8D and that the data would be provided in the near future. This data has
been assembled. Attachment 1 to this letter provides the LES responses to RAI 4-8B, RAI 4-
8C, and RAI 4-8D. Attachment 2 to this letter provides external effluent monitoring data
referenced in the LES response to RAI 4-8B.

If you have any questions or need additional information, please contact me at 630-657-2813.

Respectfully,

R. M. Krich
Vice President - Licensing, Safety, and Nuclear Engineering

Attachments:
1. LES Responses to April 29, 2004, Requests for Additional Information 4-8B, 4-8C, and 4-8D
2. External Effluent Monitoring Data Applicable to the Capenhurst Site

cc: T.C. Johnson, NRC Project Manager (w/o Attachments)
M.C. Wong, NRC Environmental Project Manager



ATTACHMENT I

Louisiana Energy Services
Response to April 29, 2C04,

Requests for Additional Information 4-8B, 4-8C, and 4-8D



ATTACHMENT 1

4-8 Waste Management Impacts:

B. Provide external and internal effluent monitoring data for at least five years of
operation at the Capenhurst and Almelo facilities for all waste streams (gaseous,
liquid, and solid), if available. If data is available, adjust as appropriate for any
operational differences between the Capenhurst and Almelo facilities and the
proposed NEF.

Sections 3.12 and 4.13 note that the proposed NEF would be similar in operation
to the existing Capenhurst and Almelo facilities.

LES Response

EXTERNAL EFFLUENT MONITORING DATA

The Scottish Environment Protection Agency, performs environmental monitoring in the vicinity
of the Capenhurst site. This monitoring covers both the uranium enrichment plant operated by
Urenco Capenhurst Ltd. (UCL) and a dismantlement facility operated by BNFL. The results are
reported in annual reports that cover monitoring for all facilities that might influence
environmental measurements in the area. The projected dose impact from plant related
effluents is reported to be very low for both aquatic and terrestrial food pathways. Five years,
1998 through 2002, of reported monitoring results, applicable to the Capenhurst site, are
provided in Attachment 2.

There is no externally collected effluent monitoring data collected for the Almelo facility

INTERNAL EFFLUENT MONITORING DATA

Effluent monitoring data collected by the Capenhurst and Almelo facilities is summarized below
for each effluent waste stream (gaseous, liquid, and solid).

* GASEOUS EFFLUENT MONITORING DATA

CAPENHURST

Source(s) of Gaseous Hvdrocien Fluoride (HF) and Uranium Emissions at Capenhurst

HF and Uranium monitoring is performed in the gaseous effluent for the E23 Centrifuge
Plant, the Vacuum Pump Workshop and the Decontamination Facility. The approximate
installed SWU capacity at E23 from 1998 to 2003 is provided in Table ER RAI 4-8B.1.
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ATTACHMENT 1

TABLE 4-8B.1
Installed SWU Capacity of E23 at Capenhurst

End of Year Installed Capacity
(million SWU)

1998 0.330
1999 0.660
2000 0.850
2001 1.133
2002 1.322
2003 1.605

Monitoring Data

Tables ER RAI 4-8B.2 and ER RAI 4-8B.3 provide gaseous effluent monitoring data for
five years of operation at the Capenhurst facilities (E23 Centrifuge Plant, the Vacuum
Pump Workshop and the Decontamination Facility only) for HF and Uranium,
respectively. These facilities are comparable to the National Enrichment Facility (NEF).

TABLE ER RAI 4-8B.2
Comparable Capenhurst Facilities Monitored HF Gaseous Emissions Data

Year Monitored HF EmissionsYear g (Ibs)
1999 57 (0.13)
2000 2,151 (4.74)
2001 2,170 (4.78)
2002 3,691 (8.14)
2003 989 (2.18)

TABLE ER RAI 4-8B.3
Comparable Capenhurst Facilities Monitored Uranium Gaseous Emissions Data

Monitored Uranium
Emissions

Year Activity
Bg (piCi)

1999 4,840 (0.13)
2000 27,040 (0.73)
2001 18,825 (0.51)
2002 2,996 (0.08)
2003 15,485 (0.42)

Adiustment for Operational Differences between Cacenhurst and NEF

The 2003 gaseous effluent monitoring data adjusted for operational differences between
the Capenhurst E23 facility and proposed NEF would result in an HF annual gaseous
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ATTACHMENT 1

effluent estimate of 1,230 g (2.7 Ibs). This is based on factoring the E23 centrifuge plant
HF emission component of 277 g (0.6 Ibs) by the ratio of SWU capacity (NEF's 3 million
SWU to E23's 1.6 million SWU) combined with the HF emission component from the
Vacuum Pump Workshop and the Decontamination Facility of 712 g (1.6 Ibs). The latter
HF emissions are not scaled since the operations in these portions of the facility are
directly representative of NEF since they service the entire Capenhurst facility with a
SWU capacity close to that of the proposed NEF.

.A similar adjustment to the uranium monitoring data results in a uranium annual gaseous
effluent estimate of 18,900 Bq (0.51 pCi). This is based on factoring the E23 centrifuge
plant uranium emission component of 3,862 Bq (0.10 pCi) by the ratio of SWU capacity
(NEF's 3 million SWU to E23's 1.6 million SWU) combined with the uranium emission
component from the Vacuum Pump Workshop and the Decontamination Facility of
11,623 Bq (0.31 pCi). Again, the latter uranium emissions are not scaled since the
operations in these portions of the facility are directly representative of NEF.

Gaseous effluent monitoring data from 1999 through 2002 is not applicable to NEF due
to differences in design and operation that are not readily quantifiable. Therefore,
adjustments to pre-2003 data are not recommended.

Comparison to NEF

The 2003 gaseous effluent monitoring data adjusted for operational differences between
the Capenhurst E23 facility and proposed NEF would result in an HF annual gaseous
effluent estimate of 1,230 g (2.7 Ibs). This is close to the estimate for NEF provided in
ER Table 3.12-3, Estimated Annual Gaseous Effluent, which provides an estimate of
<1.0 kg (<2.2 Ibs) for HF.

The adjusted Capenhurst HF values for gaseous emission showed a significant
improvement in 2003. This improvement has been achieved through various design
improvements while the capacity of the plant has increased and additional facilities have
been brought on-line (e.g., vacuum pump workshop and decontamination facility). The
NEF will monitor these design improvements and apply lessons learned from Urenco's
operational experience to minimize HF emissions during NEF operation.

The adjustment to the Capenhurst uranium monitoring data results in a uranium annual
gaseous effluent estimate of 18,900 Bq (0.51 pCi). This is equivalent to approximately
0.6 g of uranium based on a conversion assuming nominal 1% enriched uranium. This
is less than the estimate for NEF provided in ER Table 3.12-3, Estimated Annual
Gaseous Effluent, which provides an estimate of <10 g for uranium.
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ATTACHMENT 1

ALMELO

Source(s) of Gaseous Hydrogen Fluoride (HF) and Uranium Emissions at Almelo

HF and uranium monitoring is performed in the gaseous effluent for the SP2, SP3, SP4,
SP5 and the Central Services Building (CSB) at Almelo. SP2 has been converted from
a centrifuge plant to a decontamination facility. The CSB contains various operations
including: blending and sampling, cylinder preparation, a small cylinder receipt and
dispatch area, waste treatment, mass spectrometry, and a laboratory. The approximate
installed SWU capacity at Almelo, which includes the combined capacities of SP3, SP4,
and SP5, from 2000 to 2003 is provided in Table ER RAI 4-8B.4

TABLE 4-8B.4
Installed SWU Capacity at Almelo

End of Year Installed Capacity
(million SWU)

2000 1.440
2001 1.528
2002 1.682
2003 1.964

Notes to Table 4-8B.4:
1. From 2000 to 2003, SP3 capacity decreased from approximately 0.11 million SWU to 0.10

million SWU.
2. From 2000 to 2003, SP4 capacity decreased from approximately 1.2 million SWU to 1.1

million SWU.
3. From 2000 to 2003, SP5 capacity increased from approximately 0.13 million SWU to 0.75

million SWU.

Almelo Data

Table ER RAI 4-8B.5 provides gaseous effluent monitoring data, alpha activity and
beta/gamma activity, for four years of operation at the Almelo facility from SP2, SP3,
SP4, SP5 and the CSB. Almelo monitors stack total alpha activity per cubic meter and
total beta/gamma activity per cubic meter. These two parameters are tracked and
reported separately to demonstrate compliance with regulatory requirements. No
correlation of these data to uranium emissions is performed.
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ATTACHMENT I

TABLE ER RAI 4-8B.5
Almelo Monitored Radioactivity Gaseous Effluent Discharge Data

Alpha Activity Beta/Gamma
YearBq (~i)Bg (pCi)

2000 1.OE+05 (2.7) 1.01 E+06 (27.3)
2001 1.0E+05 (2.7 9.2E+05 (24.9)
2002 1.3E+05 (3.5) 7.2E+05 (19.5)
2003 1 .2E+05 (3.2) 4.9E+05 (13.2)

Almelo is not required to report or archive HF measurements. However, to develop this
response, the Almelo facility provided a 28-day period of HF trending data collected
between May 3, 2004 and June 1, 2004 at SP5. An instantaneous data point for two (2)
separate HF stack monitors was provided at approximately 36 minute intervals. The HF
monitors are for SP5 only. The average concentration over this period for the higher of
the two monitors was 0.00805 mg/i 3. Average concentration of HF for the other stack
monitor was approximately one half of the higher monitor. The stack flow rate averages
2,000 m3/hr. Using the average stack HF concentration and flow rate, the annual HF
emission is estimated at 141 g (0.3 Ibs).

Gaseous effluent monitoring data from 1999 was not available for Almelo.

Adiustment for Operational Differences between Almelo and NEF

As noted above, the stack total alpha activity per cubic meter and total beta/gamma
activity per cubic meter are not correlated to uranium emissions. Additionally, the
reported activity is for the entire Almelo site which includes buildings with significantly
different design functions and size than the NEF. Due to differences in design and
operation that are not readily quantifiable, comparison of this data to NEF is not
recommended.

The 2004 gaseous effluent HF monitoring data adjusted for operational differences
between the SP5 and proposed NEF would result in an HF gaseous effluent estimate of
390 g (0.9 Ibs). This is based on factoring the SP5 estimated HF emission of 141 g (0.3
Ibs) by the ratio of SWU capacity (NEF's 3 million SWU to SP5's presently installed 1.1
million SWU). Note that this estimate is based on HF emission data from the SP5
centrifuge plant alone and does not consider some of the other operations that will occur
at NEF such as blending and liquid sampling and the Technical Services Building
operations.

Comparison to NEF

No direct camparison can be made between the activity data collected at Almelo and the
proposed NEF since the Almelo data can not be correlated to uranium emissions. In
addition, the data is not readily comparable to NEF since the gaseous effluent
monitoring is for the entire facility which is composed of buildings having different
design, functions and size when compared to NEF.
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ATTACHMENT 1

The adjusted HF data can be compared to NEF since it was obtained from SP5 which is
similar to the proposed NEF and scaled by installed SWU capacity. The 2004 gaseous
effluent HF monitoring data adjusted for operational differences between the SP5 and
the proposed NEF would result in an HF annual gaseous effluent estimate of 390 g (0.9
Ibs). This is less than the estimate for NEF provided in ER Table 3.12-3, Estimated
Annual Gaseous Effluent, which provides an estimate of <1.0 kg (<2.2 Ibs) for HF. As
described above, this comparison is not directly equivalent since the SP5 value does not
include all NEF operations

The NEF will continue to monitor design improvements and apply lessons learned from
Urenco's operational experience to minimize HF and uranium releases during plant
operation.

LIQUID EFFLUENT MONITORING DATA

CAPENHURST

Source(s) of Liquid Uranium (U) Emissions at Capenhurst

Liquid effluents from the Capenhurst facility are transferred to BNFL and combined with
BNFL effluents (on the same site) for processing and discharge. Sources of liquid
effluents include E22, A3, Building 16, Laundry (Building 37), Decontamination Facility,
and Building 511. The laundry services the entire Urenco/BNFL site. This includes
Urenco facilities (E22, E23, A3, Building 16, Decontamination Facility, and Building 51 1)
and the BNFL facility.

Capenhurst Data

Liquid Uranium Emissions Monitoring Data is presented in Table ER RAI 4-8B.6.

TABLE ER RAI 4-8.B.6
Capenhurst Monitored Liquid Uranium Emissions Data

Aqueous Organic
Year queous Uranium Organic Uranium Uranium

MBq (Uci) Daughters MBq (pCi) DaughtersMq(i) MBg (pCi) M~Bg (pCi)
1999 208 (5,622) 228 (6,162) 55 (1,486) 14 (378)
2000 39 (1,054) 19 (514) 65 (1,757) 8 (216)
2001 31(838) 22 (595) 13 (351) 0.7 (19)
2002 14 (378) 13 (351) 360 (9,730) 238 (6,432)
2003 17 (459) 12 (324) 24 (649) 12 (324)

Note: Capenhurst classifies aqueous liquids as effluents from operations such as laundry
and decontamination of plant components. Organic liquids are from activities such as
recovery of pump oil and solvents used in chemical analyses.
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ATTACHMENT 1

Adiustment for Operational Differences between Capenhurst and NEF

Due to different designs, functions and size, it is not possible to readily adjust total liquid
effluent monitoring data for differences between the Capenhurst site and the proposed
NEF.

Comparison to NEF

Due to the difficulty in adjusting total liquid effluent monitoring data from the Capenhurst
site to NEF, it is not possible to make a comparison of total liquid effluent monitoring
data between Capenhurst and NEF. NEF will have a Liquid Effluent Collection and
Treatment System which will be designed specifically for the NEF. Any comparisons
between existing Capenhurst liquid effluents and the proposed NEF would not be
meaningful.

ALMELO

Source(s) of Liquid U Emissions at Almelo

Sources of liquid effluents are from five (5) facilities located on site (SP2, SP3, SP4, SP5
and the Central Services Building (CSB)). Only the SP5 facility is similar in operational
design to the proposed NEF.

Almelo Data

Table ER RAI 4-8B.7 provides liquid effluent monitoring data for four years of operation
at the Almelo facility for alpha activity and beta/gamma activity in the liquids discharged
to the public sewer system. Liquid effluent monitoring data from 1999 was not available.

Table ER RAI 4-8B.7
Almelo Monitored Liquid Effluent Discharge Data

Year Alpha Activity Beta/Gamma Activity
MBq (pCi) MBq (pCi)

2000 3.3 (89) 11.2 (302.7)
2001 2.7 (73) 15.2 (410.8)
2002 4.6 (124) 12.6 (340.5)
2003 3.5 (95) 10.3 (278.4)

Adiustment for Operational Differences between Almelo and NEF

Due to different designs, functions, and size, it is not possible to readily adjust total liquid
effluent monitoring data between Almelo and the proposed NEF.

Comparison to NEF

Due to the difficulty in adjusting total liquid effluent monitoring data from Almelo to NEF,
it is not possible to make a comparison of total liquid effluent monitoring data between

7



ATTACHMENT I

Almelo and NEF. NEF will have a Liquid Effluent Collection and Treatment System
which will be designed specifically for the NEF. Any comparisons between existing
Almelo liquid effluents and the proposed NEF would not be meaningful.

SOLID WASTE EFFLUENT MONITORING DATA

CAPENHURST

Source(s) of Solid Waste U Emissions at Capenhurst

Radioactive solid waste is generated each year at the Urenco Capenhurst facility from
operations at E22, E23, A3, Building 16, the Decontamination Facility, and Building 511.

Capenhurst Data

Table ER RAI 4-88.8 presents data on the volume and activity of the radioactive solid
waste generated each year at the Urenco Capenhurst facility from operations at E22,
E23, A3, Building 16, the Decontamination Facility, and Building 511.

Table ER RAI 4-8B.8
Capenhurst Radioactive Solid Waste Data

Volume Uranium ActivityYear m3 (fte) GBq (pCi)

1998 9.6 (339) 0.3 (8,100)
1999 125.8 (4,443) 3.8 (103,000)
2000 89.3 (3,154) 1.0 (27,000)
2001 73.0 (2,578) 1.0 (27,000)
2002 172.0 (6,074) 3.0 (81,100)

Adiustment for Operational Differences between Capenhurst and NEF

Due to different designs, functions and size, it is not possible to readily adjust total
radioactive solid waste data between Capenhurst and the proposed NEF.

Comparison to NEF

Due to the difficulty in adjusting total radioactive solid waste data from the Capenhurst
site to NEF, it is not possible to make a comparison between Capenhurst and NEF.

ALMELO

Source(s) of Solid Waste U Emissions at Almelo

Radioactive solid waste is generated each year at the Almelo facility from operations
from SP2, SP3, SP4, SP5 and the Central Services Building (CSB).
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ATTACHMENT 1

Almelo Data

Table ER RAI 4-8B.9 provides of the amounts of radioactive solid waste generated at
Almelo facility from operations at SP2, SP3, SP4, SP5 and the CSB. Most of the waste
is generated from the older facilities at Almelo which are significantly different from the
proposed NEF.

Table ER RAI 4-8B.9
Almelo Radioactive Solid Waste Data

Year Solid Waste Waste Activity, Volume, m4 (ft4)l (Number of
kg (Ibs) MBq (pCi) Drums)

2000 6,100 (13,450) 9,500 (257,000) 10.4 (367) ! (104 drums)
2001 12,000 (26,460) 14,000 (378,000) 19.3 (682) /(193 drums)
2002 13,600 (29,990) 7,400 (200,000) 22.3 (788) / (223 drums)
2003 12,100 (26,680) 28,000 (757,000) 22.0 (777) / (208 drums)

Note: Drums are standard 100 L vessels.

Adiustment for Operational Differences between Almelo and NEF

The large increase in activity in 2003 was due to some non-typical shipments of higher
than usual activity. Since most of the solid waste is generated from the older facilities at
Almelo which are significantly different from the proposed NEF, it is not possible to
adjust the data to the proposed NEF

Comparison to NEF

Due to the difficulty in adjusting total radioactive solid waste data from Almelo to NEF, it
is not possible to make a comparison of data between Almelo and NEF.
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ATTACHMENT 1

4-8 Waste Management Impacts:

C. Provide all radionuclides and chemicals that are routinely monitored and any
abnormal release measurements at the Capenhurst and Almelo facilities.

LES Response

The radionuclides and chemicals that are routinely monitored are limited to uranium and
hydrogen fluoride.

At Urenco Capenhurst Ltd. (UCL), hydrogen fluoride (HF) is monitored in gaseous effluents but
there is no regulatory requirement to do so. The UCL does not monitor HF in liquid effluents.
Uranium is monitored in stack effluent releases. Laundry liquid waste and other liquid wastes
are transferred to BNFL for processing and discharge. Analysis for uranium is performed before
transfer. Combustible radioactive solid waste is monitored for uranium activity before disposal.

At Almelo, hydrogen fluoride (HF) is monitored in gaseous effluents but there is no regulatory
requirement to retain the monitoring records. Almelo does not monitor HF in liquid effluents.
Alpha and beta/gamma activity in stack and liquid effluents releases are monitored. Alpha
monitoring is performed on radioactive solid waste.

No abnormal release measurements were recorded at Capenhurst or Almelo.
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4-8 Waste Management Impacts:

D. Provide the average, maximum, and minimum volumetric and uranic concentration
and hydrogen fluoride concentrations over each annual year of data that are
equivalent to the proposed NEF evaporative discharge and laundry liquid effluent
streams from the Capenhurst and Almelo facilities.

LES Response

Capenhurst

Liquid effluent data from the laundry system at Urenco Capenhurst Ltd. (UCL) was obtained for
the five-year period, 1999 through 2003. Table ER RAI 4-8D.1 summarizes the laundry liquid
effluent data. The table provides the average, maximum and minimum volumetric and uranic
concentrations over each year of data that are comparable to the proposed NEF untreated
laundry liquid effluent stream. The recent data from 2003 is approximately equivalent since the
presently installed SWU capacity at the Capenhurst site is close to that of the proposed NEF.
For example, the 2003 uranium data for the Capenhurst laundry, 3.32 MBq (90 pCi), is
equivalent to approximately 105 g of uranium based on a conversion assuming nominal 1%
enriched uranium. This is less than the estimate for the untreated NEF laundry provided in ER
Table 3.12-4, "Estimated Annual Liquid Effluent," of 200 g (0.44 Ibs). Note that the uranium
daughters were reported as "less than values." In the table, they are reported as if they were
actually detected in the liquid effluent.

TABLE ER RAI 4-8D.1
Laundry Liquid Effluent Monitoring Data for Capenhurst Site

Uranium
Year Uranium Uranium Daughters Volume Concentration

MBq | *Ci MBq |pCi m 3 ft3  Bq/L lpCUL
1999 8.89 240 < 8.41 < 227 1563 55,200 5.69 1.54E-04
2000 5.37 145 < 4.83 < 131 944 35,100 5.69 1.54E-04
2001 8.67 234 <4.93 < 133 998 35,250 8.69 2.35E-04
2002 4.52 122 < 5.32 < 144 1142 40,350 3.96 1.07E-04
2003 3.32 90 <4.58 < 124 1143 40,375 2.91 7.85E-05

Average 6.15 166 5.61 152 1158 40,900 5.38 1.46E-04
Maximum 8.89 240 8.41 227 1563 .55,200 8.69 2.35E-04
Minimum 3.32 90 4.58 124 944 35,100 2.91 7.85E-05

The UCL does not monitor for hydrogen fluoride in liquid, therefore no data is available.

The UCL transfers all of its liquid waste to BNFL for treatment. Therefore, no equivalent data to
the proposed NEF evaporative discharge liquid effluent stream is available. NEF will have a
Liquid Effluent Collection and Treatment System which will be designed specifically for the NEF.
Any comparisons between existing Capenhurst liquid effluents and the proposed NEF would not
be meaningful.
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Almelo

The Almelo facility sends its laundry to an off-site location for processing. Consequently, there
is no laundry effluent data available. However, Almelo reports alpha and beta/gamma activity
discharged to the public sewer. This information is provided in Table ER RAI 4-8D.2. However,
until the final design of the NEF Liquid Effluent Collection and Treatment System, direct
comparison should not be made.

i TABLE ER RAI 4-8D.2
Almelo Liquid Effluent Discharges to the Public Sewer System

Year Alpha Activity Beta/Gamma Activity Volume I

MBg JCi MBq iCi mr3  ft3

2000 3.3 89 11.2 302.7 256 9.04E+03
2001 2.7 73 15.2 410.8 296 1.05E+04
2002 4.6 124 12.6 340.5 377 1.33E+04
2003 3.5 95 10.3 278.4 370 1.31 E+04

Average 3.5 95 12.3 333.1 325 1.15E+04
Maximum 4.6 124 15.2 410.8 377 1.33E+04
Minimum 2.7 73 10.3 278.4 256 9.04E+03

NEF

The NEF will have a Liquid Effluent Collection and Treatment System that is specifically
designed for NEF. Therefore, liquid effluent discharges at Capenhurst or Almelo facilities
should not readily be compared to the NEF.
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Extemal Effluent Monitoring Data Applicable to the Capenhurst Site



Excerpts for Capenhurst from

MINISTRY OF AGRICULTURE, FISHERIES AND FOOD
SCOTTISH ENVIRONMENT PROTECTION AGENCY

Radioactivity in Food
and the Environment, 1998

RIFE -4

September 1999



Excerpts for Capenhurst

4.3 Capenhurst, Cheshire

The main functions undertaken on the Capenhurst site are enrichment of uranium and dismantling of
redundant plant. The enrichment facility is operated by URENCO Capenhurst Ltd. Radioactive waste
arisings of tritium, uranium and its daughter products, and technetium-99 and neptunium-237 from
recycled fuel, are minor; in 1998 BNFL had authorisations to dispose of small amounts of radioactivity in
gaseous wastes via stacks and in liquid wastes to the Rivacre Brook. An environmental monitoring
programme is carried out related to the pathways which could be of radiological significance due to all
disposal routes. Plants, rain water, animal faeces, soil and dry cloths are also sampled as indicator
materials.

Results for 1998 are presented in Table 4.16. Concentrations of radionuclides in materials from the land
and from the Rivacre Brook were generally similar to those for 1997. There was a decrease in the tritium
concentration in water from the Brook but this observation is based on very few measurements. The
hypothetical most exposed group for liquid disposals from the site is considered to be people who may
inadvertently ingest water and sediment from the Brook. Taking pessimistic assumptions about their
ingestion rates, the dose to the group was very low, at less than 0.005 mSv in 1998. The concentrations
of artificial radioactivity in marine samples are consistent with values expected at this distance from
Sellafield. The dose to the most exposed group of terrestrial food consumers was also low, at less than
0.005 mSv in 1998.
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Excerpts for Capenhurst

.5. pi 5*.f f#M m#'AIR as..9:1 t B 6 0:- I*.. .0'MI111

Mean radioacvity conrcentrafon (wet), Bq kg
Material Locabon No. of

sampling 3H loCo UTc '13Cs 2"Pa IT 21U V2XU 2ru 2Np 2 Am

atione

Aquatic
samples

Shnimps Hoylake 2 '0.06 1.0 3.3 * 0.06

Coddes Dee estuary 4 0.17 36 1.1 * 5.7 1.5

Elodea Fivacre 2 '0.06 7.2 '0.31 1.2 2.1 5.4 0.30 5.3 0.24 <0.09
canadensls' Brook

Mud Fivacre 2 '0.41 2000 18 440 990 200 12 160 46 '2.6
Brook

Freshwater Rivacre 2 11 '0.12 0.033 '0.12 0* 0031 <0.0012 0.022 0.00064 '0.28
Brook

Mean radcoacti4tv concentration (well) Bq kg
Material Location of No. of

selecllon sampling 'H "Tc 2
UU 

2
Mu mWU Total U

observ-
ationsb

Tnrestrial
samples

Milk Nearfams 6 '0.0050 '0.0018 '0.0063

Mlk rnX '0.0069

Milk Far farms 6 a2.3

Milk max 2A4

Lettuce 1 '0.028 0.019

Potatoes 1 '0.025 0.034

Strawberrles 1 0.12 0.013

Bovine faeces 8 <0.021 0.87 0.034 0.86 22

Bcrine faeces max <0.022 32

Grass 8 0.61 0.13 0.60 '023

Grass rax 1.1

Silage 4 '0.022 0.16

Silage mx 028

Soil 4 7.9 0.30 7.4 44

Soil max 58

Rain water 81 '2.3

Rain water max 4.0

* not detected by the method used
a Except fbr mik and water where units are Sq r' ior dry cdoths wihere imfts are Bq per cloth and for sot and sediment where diy concentrations apply
b See section 3 fbr definition
c Data are anrthmetic means unless stated as Vax'Ih this column. Wtax data are selected to be maxima. If no Imax value Is gfven, the mean Is also the maximum. See section 3.
d 119 dry coths were analvsed. The alpha, beta and gammar concentrations were 0.0, 1.t1 and 0.65 Sq kg" respectAhly
e The concentrations of Pu, "F7-r aend - MCm were 0.099, 0.55 and 0.0027Bq kg' tespecthey
f The concentration of beta acthity was ItO S q kg-'
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Excerpts for Capenhurst

4.3 Capenhurst, Cheshire

The main functions undertaken on the Capenhurst site are enrichment of uranium and dismantling of
redundant plant. The enrichment facility is operated by URENCO (Capenhurst) Ltd. Radioactive waste
arisings of tritium, uranium and its daughter products, and technetium-99 and neptunium-237 from
recycled fuel, are minor; in 1999 BNFL had authorisations to dispose of small amounts of radioactivity in
gaseous wastes via stacks and in liquid wastes to the Rivacre Brook. An environmental monitoring
programme is carried out related to the pathways which could be of radiological significance due to all
disposal routes. Plants, rain water, animal faeces, soil and dry cloths are also sampled as indicator
materials.

Results for 1999 are presented in Table 4.16. Concentrations of radionuclides in materials from the land
and from the Rivacre Brook were generally similar to those for 1998. There was a decrease in the tritium
concentration in water from the Brook but this observation is based on very few measurements. There
was a single sample of shrimps containing tritium at a level of 240 Bq kg"', well in excess of the limit of
detection. No reason was noted for this level of activity in shrimps. However, the radiotoxicity of tritium is
very low and the radiological significance of the observation is correspondingly small. The concentrations
of other artificial radionuclides in marine samples are consistent with values expected at this distance
from Sellafield. The hypothetical most exposed group for-liquid disposals from the site is considered to
be people who may inadvertently ingest water and sediment from the Brook. Taking pessimistic
assumptions about their ingestion rates, the dose to the group was very low, at less than 0.005 mSv in
1999. The dose to the most exposed group of terrestrial food consumers was also low, at less than 0.005
mSv in 1999.
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.s 0. @00 * I=

Mean radioactivity concentration (wet), Bq kq"
Matenal Location No. of

observ. 3iH "Co Trc .. Cs ... Eu 2mPa 5
3"Th 

2 'U 6U U 24tAn
atons"

Aquatic sanples

Dabs Liverpool Bay 2 <25

Dabs Mersey Estuary 2 -25

Shrimps Hoylake 2 <130 <0.06 2.9 2.5 <0.15 * <0.17

Mussels Uverpool Bay 2 <25

Mussels Mersey Estuary 2 <25

Cockles Dee Estuary 4 0.30 35 1.3 '020 * <8.0 2.1

Elodea Rivacre Brook 2 <0.07 17 025 <0.32 0.97 180 28 12 2.4 0.099 '0.08
canadensis'

Mud Rivacre Brook 2 <0.31 440 13 <1.5 98 420 290 14 240 2.5 <1.5

Freshwater Rivacre Brook 2 42 <0.09 0.011 '0.09 <021 - * 020 * 0.18 0.000045 <0.11

Mean radioactvity concentration (wet)' Boq kg
Material Location No. of

of sartipfng 3H*-rc Z4 
23

XU 23U Total U
selection' observ-

!UonSb

Terrestrial samples

Milk Near 5 '0.0055 '0.0073
fams

Milk Far farms 6 '2.0

Milk max <3.0

Potatoes 1 <0.027 <0.033

Raspbenies 1 <0.027 '0.019

Punner beans 1 <0.037 0.058

Bovine taeces 8 '0.067 1.8

Bovine faeces rmax '0.068 0.93 0.049 0.92 5.5

Grass 8 <0.18
Grass rax . 0.069 0.0030 0.077 0.47

Silage 4 <0.029 0.13

Silage max <0.033 0.22

Sol 4 40
Soil max 12 0.46 12 45

Rain water 82 '1.9

Rain water rnax 6.0

* not detected by the method used
a Except for mik and water where units are Sq r for dry cloths where units are Sq per cbth and brsoi and sediment where dry concentrations appoy
b See section 3 for defnition
c Data are arithmetic means unless stated as Max'n this column. Uax'data are selected to be maxima. frno max' value Is given, the mean is also the maximum. See section 3.
d 118 drycloths were anavsed. The alpha, bea and gamma concent rations were 0.19. 0.Q98and 0.688 q rg" respectde
e The concentrations of Pu. 2P and "'> Cm were 0.14.0.79 and 0.0028 q kgrespe ly
f The concentration ofbeta activity I this freshwater plant was 220 Sq kg
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4.3 Capenhurst, Cheshire

The main functions undertaken on the Capenhurst site are enrichment of uranium and dismantling of
redundant plant. The enrichment facility is operated by URENCO (Capenhurst) Ltd. Radioactive waste
arisings of tritium, uranium and its daughter products, and technetium-99 and neptunium-237 (from
recycled fuel). In 2000 BNFL had authorisations to dispose of small amounts of radioactivity in gaseous
wastes via stacks and in liquid wastes to the Rivacre Brook. An environmental monitoring programme
was carried out to investigate the different pathways that could be of radiological significance. Plants,
rain water, animal faeces, soil and dry cloths are also sampled as indicator materials.

Results for 2000 are presented in Table 4.16. Concentrations of radionuclides in samples from the land
and from the Rivacre Brook were generally similar to those for 1999. The concentrations of artificial
radionuclides in marine samples are consistent with values expected at this distance from Sellafield. The
occurrence of relatively high levels of tritium in shrimps found in 1999 was not repeated in 2000. The
hypothetical most exposed group for liquid disposals from the site is considered to be people who may
Inadvertently ingest water and sediment from the Brook. Taking pessimistic assumptions about their
ingestion rates, the dose to the group was very low, at less than 0.005 mSv in 2000. The dose to the
most exposed group of terrestrial food consumers was also low, at less than 0.005 mSv in 2000.
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.0MPe_. Os -

Mean radioacttiyconcentralion twet)P, So k
Mat Locabon No. of

erialbs Co 'Tc n 
1

Eu lPa saT23 5 2U mU 2Np > Am

ations

Aquatic
samples

Dabs Liverpool Bay I 25

Dabs Mersey Estuary 1 '25

Flounder Uverpooi Say 1 '25

Flounder Mersey Estuary 1 <25

Shutrnps Wirrs 2 '25

Mussels Uverpool Bay 2 '25

Mussels Mersy Estuary 2 <25

Cockies Wirral 4

Elodea Rivacre Brook I
canadensts'

; 0.12 4.9 2.6 <0.34 '0.49

0.36 33 2.1 '0.15

'0.11 3.6 0.13 '0.17

12 2.7

3.9 4.9 0.25 2.5 0.10 '0.09

270 110 6.0 74 3.6 '1.7

0.045 . 0.025 0.00013 '0.32

Mud Rivacre Brook 2 '0.32 330 8.3 17 120

Freshwater Rivacre Brook 2 42 '0.09 0.027 '0.10 0.33

Mean radioachvity concentration (weir, Bq kP
Material Location No. of sampling

of observ- 'H 'Tc ZU 26U 2U
selection' stions

Total U

Terrestrial
samples

Mlk Near
farms

'0.0055 '0.0080

Milk

Milk

Potatoes

Runner
beans

Strawbenies

iovine
faeces

Far farms

max
6 <1.6

'1.8

'0.032

'0.034

<0.041

'0.024

0.058

0.047

e

Bovine rMax
faeces

Grass

Grass max

Silage

Silage max

Soil

Soil max

Rain water

Rain water max

'0.027

8

<0.013

1.3

2.1

'0.59

1.5

0.32

0.70

49

51

4 '0.018

'0.020

4

8.5 0.35 8.4

75 '1.5
3.0

not detected by the method used
a 108 dry cloths were analsted. The alpha, beta and gamma concentrations were 0. 17, 0. 99 and 0.48 Bq kgW' respectA'efy
b Except I'ormk and waferwhere unis are Bq for drdy cloths where units ere Bq percloth and forwoland sedanent where dryconcentratons apply
c The concentrations of mPu, " Pu and 2 m Cwere .27. 1.6and0.0040SBqkgi especthrely
d The concentration of beta actA'ly was 34 Bq kg('
* Data are arithmetic means unles stated as .axhi thI column. Max da *are selected to be maxina.

Ifno mnax' value Is given, the mean Is also the maximum.
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4.3 Capenhurst, Cheshire I

The main functions undertaken on the Capenhurst site are enrichment of uranium and dismantling of
redundant plant. The enrichment facility is operated by URENCO (Capenhurst) Ltd. Radioactive waste
arisings of tritium, uranium and its daughter products, and technetium-99 and neptunium-237 (from
recycled fuel). In 2001, BNFL had authorisations to dispose of small amounts of radioactivity in gaseous
wastes via stacks and in liquid wastes to the Rivacre Brook. An environmental monitoring programme for
foodstuffs was carried out to investigate the different pathways which could be of radiological significance.
routes. Plants, rain water, and sediments are also sampled as indicator materials.

Results for 2001 are presented in Table 4.16. Concentrations of radionuclides in materials from the land
and from the Rivacre Brook were generally similar to those for 2000. The concentrations of artificial
radionuclides in marine samples are consistent with values expected at this distance from Sellafield. The
occurrence of relatively high levels of tritium in shrimps found in 1999 was not repeated in 2000 or 2001.
The hypothetical most exposed group for liquid discharges from the site is considered to be people who
may inadvertently ingest water and sediment from the Brook. Taking pessimistic assumptions about their
ingestion rates, the dose to the group was very low, at less than 0.005 mSv in 2001. The dose to the
most exposed group of terrestrial food consumers was less than 0.005 mSv in 2001.
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Sn- .5 . 00* R..IMM -O T I- e. =ISWA11

Mean radioactivity concentration (wet)- Bq kga
material Location No. of

sanoing Co 'Tc 1'Cs 22Ra 2Pa '3'Th 3U 
2 U z7Np 24 Amn

obsern- '
23u

ations

Aquti C
samples

Dabs

Flounder

Flounder

Shrirps

Mussels

Mussels

Mersey Estuary I

Llverpool Bay 2

Mersey Estuary I

Wirral 2

Liverpool Bay 2

Mersy Estuary 2

'25

A25

<25

<25 t0.13

<25

<25

1.7 <0.24

Cockles' Dee Estuary

Ctadcphore Pivacre Brook

EAodea Rivacre Brook
canadenslsd

Mud and Sand Rivacre Brook

Freshwater Rivacre Brook

4

I

023 1.7 0.91

<0.04 44 0.51

'0.05 75 0.62

4.8

77

40

2.3

11 0.58 6.9 1.7 '0.06

33 1.9 25 8.8 0.18

2

2

'0.19 140 4A

4.4 '0.10 0.38 '0.10

14 110 410 36

0.73

1.7 23 0.51 <0.87

0.51 0.0023 <0.12

Mean radioaciRty concentration (wet), Bo kg-'
Material Location of No. of

selection' sarmpling 3H OTC MU MU MU Total U
observ-
atlons

Terrestrial
samples

Milk Near farrs 5 '1.6 '0.0040 <0.0069

M Ik mrx <1 9 <0.0071

Blackcumants 1 <0.079 '0.035

Cabbage 1 '0.012 <0.034

Lettuce 1 '0.030 '0.035

Potatoes 1 '0.062 0.015 <0.0018 0.013 0.054

Rain water 19 '2.7

Rain water max 15

* not detected by the method used
a Except for mnlk end water where units areti.r, and for solt and sediment where cry concentrations apply
b The concentrations of oaPu, "J4°Pu and Cm were 0.17, 0.93 and 0.0023 Sq kg ' respedcvety
c The concentraton of beta acttfy was 200 Bq kog'
d 7Te concentration of beta acdAy was 420 tq W1
e Data are arthmetic means unless statedas lax'i thn column. tax-dataeresetededtobemaxima. fno 'max'value s given the mean Is also the maxlmum.
f In di'stiate fraction of sample
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4.4 Capenhurst, Cheshire

The main functions undertaken on the Capenhurst site are enrichment of uranium and dismantling of
redundant plant. The enrichment facility Is operated by URENCO (Capenhurst) Ltd. Radioactive waste
arisings of tritium, uranium plus its daughter products, and technetium-99 and neptunium-237 (from
recycled fuel). In 2002, BNFL had authorisations to dispose of small amounts of radioactivity in gaseous
wastes via stacks and in liquid wastes to the Rivacre Brook. An environmental monitoring programme for
foodstuffs, water, dose rates and indicator materials was carried out to Investigate the different pathways
that could be of radiological significance.

Results for 2002 are presented in Table 4.19(a) and (b). Concentrations of radionuclides in materials
from the land and from the Rivacre Brook were generally similar to those for 2001. Gamma dose rates
were difficult to distinguish from natural background. The concentrations of artificial radionuclides in
marine samples are consistent with values expected at this distance from Stellafield. The critical group
for liquid discharges from the site Is considered to be children who play near the Brook and may
inadvertently ingest water and sediment from the Brook. Taking pessimistic assumptions about their
ingestion rates and allowing for a small increase in gamma dose rates, the dose to the group was less
than 0.011 mSv In 2002. The dose to high-rate seafood consumers would be less than the dose to
children ingesting Rivacre Brook water and sediment. The doseoto the critical group of terrestrial food
consumers was less than 0.005 mSv in 2002.
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* * C S .5* Oe . S * S * * .5.l,

Mean radioactivity concentration (wet), Ba kg'
Matenal Locabon No. of

sampling 3H 4K "Co "Tc "Cs DiRa 2DPa 8  iTh 2aU

etionV
Aquatic samples
Flounder Uverpool Bay 2 '25
Flounder Mersey Estuary 2 <25
Shrimps Wimrral 2 a25 <0.05 16 22
Mussels tyerpoo Bay 2 <25
Mussels Mersey Estuary 2 <25
Cockles Dee Estuary 4 0.14 16 1.5
Elodea canadensis Rivacre Brook 2 0.05 15 0.39 20 7.9
Mud and sand Rivacre Brook I '0 A4 160 5.1 14 32 230 28
Mud, sand and Rivacre Brook 1 '0.46 150 4.8 15 26 290 50
stones
Sediment Rivacre Brook if 790 530 13 220
Sediment Rivacre Brook (1.6 2E 440 110 4.5 48

km downstream)
Sediment Rivacre Brook (3.1 2E 450 37 <2.7 14

km downstream)
Sediment Rossmore (4.3 km 2f 460 120 <41 53

downstream)
Freshwater Rvacre Brook 2 4.1 '0.11 0.077 <0.11 0.032
Freshwater Rvacre Brook 2E 9.6 0.26 0.26
Freshwater Rivacre Brook (1.6 2! <4.0 <020 0.048

km downstream)
Freshwater Rivacre Brook (3.1 2 4.5 <0.25 0.059

km downstream)
Freshwater Rossmore (4.3 km 2! <4.6 '0.20 0.041

downstream)
Freshwater EA Technology Pond 1 '4.0 '0.30 '0.0050
Freshwater Dunkirk Lane Pond 2 '4.0 <0.20 '0.0050

Mean radioactivity concentrabon (well, Bo kg"
Malenal Locabon of No. of

selection5  sampling 3 "Tc 2U MU D'iU Total U
observ-
stions,

Terrestrial
samples

Milk 6 <3.0 '0.0060 <0.0065

Wilk mnx <3.3

Lettuce 1 '0.026 <0.030

Potatoes 1 0.039 0.0055 <0.00040 0.0070 <0.033

Strawbeenies 1 0.053 <0.029

Grass 8 <0.37

Grass mnx 1.5

Silage 4 0.19
Silage mx 0.26

Soil 4 36

Soil max 12 0.45 11 44
Grasslherbage North of 1 43 1A 0.040 1.4

Ledshatm
Soil North of 1I <30 20 0.80 22

Ledsham

Grasslherttage South of 1t 1.1 '0.61 <0.51 '0.84
Capenhurnt

Soil South of 1! 13 14 0.50 15
Capenhurst

Grassflerbage Off lane 1E 1.2 0.17 <0.010 0.12
from
Capenhurst
lo Dunkirk

Soil Off lane IE 12 25 '0.50 24
from
Capenhurst
to Dunkirk

Grassthertbage East of IE 2.9 0.14 '0.040 0.13
station

Soil East of 1E 10 27 1.1 25
station

a Except for mik and water where units are 8q rt, and fbr so and sediment whoere dry concentrations apply
b Oata are anihmeticmeans unless slatedas Max' lih coumn. Max'data re selectedto be maxlna. ffno 7nax'value k sgven. the mean Is a/so the mrxlmum.
c In distillate fraction ofsample
d The number offarams rm wtih mik is sampled. The numberolanalyses Isgreaterthan this and depends on the bulkhg regkne
* Measurements are made on behalfofthe Food StandardsAgencyunless labelled T. In that case theyare made on behalfofthe EnvonmentAgency
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S.-IFIE' RMM wv S -

Mean radioacr vity concentration (well, Bq kq-'
Material Location No. of

sampling 2U Mu+ 2N N Pu+ P Total Total
observ- U 3OU P 'NPu alpha beta
ations

Aquatic samples
Flounder Uiverpool Bay 2 <25
Flounder Mersey Estuary 2 <25
Shrimps Wirral 0.05
Mussels Livrpood Bay 2 <25
Mussels Mersey Estuary 2 <25
Cocktes Dee Estuary 4 0.11 0.64 1.8
Elodea canadensts Rivacre Brook 2 029 5.0 0.50 <023 180
Mud and sand Rvace Brook 1 1.0 19 4.3 '1.1
Mud, sand and Rvacre Brook 1 2.3 30 4.5 <2.0
Stones
Sediment Rvacre Brook 1t 9.2 130 9.2 890 1000
Sediment Pivacre Brook (1.6 2E 2.1 31 4.8 240 810

km downstream)
Sediment Rvacre Brook (3.1 2' 1.0 13 <1.1 110 710

km downstream)
Sediment Rossmore (4.3 km 2' 2.1 32 3.9 200 900

downstream)
Freshwater Rivacre Brook 2 0.00093 0.015 0.00013 <0.13
Natural water RivacreBrook 2' 'D.013 0.11 '0.10 0.28 0.61
Natural water Rivacre Brook (1.6 2' '0.00 0.025 '0.10 0.063 032

km downstreamn) 000005 <.0063 02
Natural water acnre Brook a3. '0.0050 <0.024 '0.10 0.071 0.41

kmndownstreamn)
Natural water Rossmore (4.3 km 2 '0.0075 0.029 '0.10 '0.051 0.33

downstream)
Natural water EA Technology Pond it '0.0050 CO.0050 '0.10 '0.020 0.42
Natural water Dunkirki Lane Pond 2E c0.0050 '0.0050 '0.10 cO.045 0.38

Location Material or ground type No. of sarmpiing ity h"
observations lG ~

Mean gamrna dose rates at Im
Rivacre Brook Ptant outlet Brick I 0.11
Rlcavre Brook 1.5 km downstream Grass 1 0.082
Rvacre Brook 3.1 km downstream Soil 1 0.083
Rossmore Road West

4.3 km downstream Sodl and grass 1 0.086


